Abstract: Ovarian clear cell carcinoma (CCC) is a distinct histologic subtype with relatively poor survival. No prognostic or predictive molecular marker is currently available. Recent studies have shown that AT-rich interactive domain 1A (ARID1A) and phosphatidylinositol 3-kinase catalytic subunit alpha (PIK3CA) mutations are common genetic changes in ovarian CCC. Hepatocyte nuclear factor-1b (HNF-1b) expression has been proven to be highly sensitive and specific for clear cell histology. However, the correlations between these biomarkers and clinicopathologic variables and survival outcomes are controversial.
INTRODUCTION
T he histologic subtypes of ovarian carcinoma are distinct diseases, each with different clinical and molecular features. 1, 2 Ovarian clear cell carcinoma (CCC) tends to be associated with endometriosis 3 and is often diagnosed at early stages. 4 Despite this, patients with ovarian CCC usually have lower rates of survival when compared with the more common serous counterpart. 2, 4 Therefore, the diagnosis and management of ovarian CCC is deemed as a great challenge and an area of unmet medical need. The absence of prognostic or predictive molecular markers might be central to this problem.
Hepatocyte nuclear factor-1b (HNF-1b) plays a role in the anti-apoptosis of ovarian CCC and is essential for tumor cell survival. 5 The immunohistochemical expression of HNF-1b has been shown to be highly sensitive and specific for clear cell histology. 6 Recently, AT-rich interactive domain 1A (ARID1A) was established as a tumor suppressor gene in a broad spectrum of cancers, including ovarian CCC. 7 In addition to ARID1A, an activating mutation in phosphatidylinositol 3-kinase catalytic subunit alpha (PIK3CA) is a common genetic alteration in clear cell histology. 8 Recent publications demonstrate that ARID1A and PIK3CA mutations might cooperate to promote tumor growth. 9, 10 However, studies are conflicting on the question of its prognostic significance in ovarian CCC. [11] [12] [13] [14] Currently, it is still unclear whether the molecular alterations of ARID1A are associated with clinicopathologic variables and survival outcome in ovarian CCC.
Most published studies focusing on ovarian CCC contain small sample sizes due to the rarity of the disease, especially in the western population. Our previous publications, 3, 4, 15, 16 based on our institutional database, illustrated the clinicopathologic features and treatment of ovarian CCC. To investigate the possible biomarkers underlying these distinct features, we constructed a CCC tissue microarray (TMA) for further analysis.
The present study had 2 main purposes. First, it aimed to evaluate the immunohistochemical expression of HNF-1b, AIRD1A, and PIK3CA in a cohort of ovarian CCC. Secondly, the possible association with clinicopathologic characteristics and survival outcomes were investigated.
METHODS

Study Population and Case Selection
This study was approved by the Institutional Review Board at Peking Union Medical College Hospital. By searching the Ovarian Clear Cell Carcinoma Database, we included all cases with retrievable pathology archives in our institution. Formalinfixed, paraffin-embedded tissue specimens were obtained, 17 including primary ovarian tumors, abdominal disseminated lesions, lymph node metastases, and recurrent tumors.
Data collection included age at diagnosis, International Federation of Gynecology and Obstetrics (FIGO) stage, serum cancer antigen 125 (CA 125) level, residual disease (optimal debulking 1 cm), adjuvant chemotherapy, date of disease progression or recurrence, and tumor status at the date of last contact. All patients with stage I and II ovarian CCC underwent complete staging surgery and patients with stage III and IV ovarian CCC received cytoreductive surgery. Adjuvant chemotherapy was routinely administered after primary surgery with few exceptions. The vast majority of the patients received platinum-based chemotherapy regimens, with the number of cycles ranging from 6 to 9. Progression-free survival (PFS) was defined as the time interval from the date of primary surgery to the date of disease progression or recurrence. Overall survival (OS) was defined as the time interval from the date of the primary surgery to the date of death or last contact. All patients provided informed consent before their inclusion in the study.
TMA Construction
Microscopic slides (hematoxylin and eosin, H&E) of selected cases were reviewed by the same gynecology-dedicated pathologist with profound clinical experience. A second senior pathologist was responsible for confirming the diagnosis, as well as marking the targeted areas on the H&E sections and the corresponding paraffin blocks. One-millimeter tissue cores taken from each donor block were transferred to the recipient block using a tissue arrayer (MiniCore, Alphelys, Plaisir, France). Two cores were obtained per block, providing a representation of 2 to 8 TMA spots per case.
A total of 130 cases of ovarian CCC were obtained from the archives of 2000 to 2012 in the Department of Pathology, yielding 237 tissue blocks in all. These included 114 cases of primary tumors (130 blocks), 56 cases of abdominal disseminated lesions (60 blocks), 26 cases of lymph node metastasis (28 blocks), and 17 cases of recurrent tumors (19 blocks). We chose 10 cases with normal ovarian tissue resected for benign reasons (fibroid) as controls.
Immunohistochemistry
Four-micrometer-thick sections of TMA were cut and stained within 2 weeks after sectioning. TMA sections were deparaffinized and rehydrated. For antigen retrieval, slides were microwave-treated in 10 mM citrate buffer (pH ¼ 6.0) for 20 min. After cooling for 20 min, slides were quenched with 3% hydrogen peroxide for 10 min to block the endogenous peroxidase activity. Nonspecific binding was inhibited with 10% normal rabbit serum for 10 min. The TMA slides were then incubated with 3 antibodies (see Table, Supplemental Content, http://links.lww.com/MD/A744, which illustrates the details of antibodies and immunostaining procedures) for 1 h at 378C in a moist chamber, which were followed by a 30-min secondary incubation with prediluted anti-rabbit HRP (Maixin Biological Technology Development, Fuzhou, China). Immunohistochemical reactions were developed with diaminobenzidine as the chromogenic peroxidase substrate, and the slides were counterstained with hematoxylin.
Slides for all samples were independently assessed with a light microscope by the 2 above-mentioned pathologists, who were blind to the clinical information. We excluded cases in which immunostaining could not be evaluated for technical reasons, such as failure of the tissue cores to stick to the slides and no representative tissue in either core. One positive core in a duplicate was sufficient to count the case as positive; the higher score was accepted for the cases in which discrepancy existed in tumor staining. The ARID1A immunoreactivities were divided into undetectable or positive for nuclear staining, in line with previous publications. 8, 18, 19 Concerning HNF-1b staining, the results were scored on the basis of the percentage of positive nuclei: 0, no positive cells; 1, 1-10%; 2, 11-30%; 3, 31-60%; 4, >61% positive cells). 20 For statistical analysis, final scores were further dichotomized into low expression (0-2) and high expression (3) (4) . For PIK3CA expression, the scoring results were assigned into the following 3 categories: 1, decreased or no trace of staining; 2, equivalent staining intensity to the corresponding normal tissue; and 3, increased staining intensity. 21 In the final slides with immunohistochemistry staining, some spots were missing due to different reasons, including sectioning and staining problems. Therefore, the patients' number did not necessarily add up to the total number of case (e.g., 114 cases of primary tumor).
Statistical Analyses
Package for Social Sciences (SPSS) statistical software (Version 17.0, SPSS, Inc., Chicago, IL) was used for the statistical analysis. GraphPad Prism (Version 5.0, GraphPad Software, Inc., La Jolla, CA) was applied in survival curve illustration. Chi-squared tests were employed for categorical variables while parametric Student tests or Mann-Whitney U tests for continuous counterpart as appropriate. We used Kaplan-Meier model and Cox regression for PFS/OS estimation and multivariate analysis, respectively. Multivariate analysis included variables that were significant in univariate analysis. All tests were 2-sided, and the level of statistical significance was set at P value < 0.05. Table 1 lists the immunohistochemistry results, and Figure 1 shows representative tissue spots. It is clear that HNF-1b was expressed in 92.8% of all the primary ovarian tumors, while the loss of ARID1A and the PIK3CA expression rate were 56.2% (63/112) and 45.0% (50/111), respectively. Further comparison of immunoreactivity in different types of tumors revealed no significant differences (P ¼ 0.22 for HNF1b, P ¼ 0.56 for ARID1A, and P ¼ 0.810 for PIK3CA; Chisquared tests).
RESULTS
Immunostaining of 3 Biomarkers in Ovarian CCC
Relationship Between Protein Expression and Clinicopathologic Parameters
For all 130 patients, early-stage disease accounted for 47.7% (62/130). A total of 30 patients (23.1%) had concurrent endometriosis in the same pathologic specimen according to original pathologic reports. As mentioned earlier, only 114 patients had archived tissue blocks for primary ovarian tumors. The following analysis is focused on the immunohistochemistry results of these patients.
We looked for a possible association between protein expression and clinicopathologic features. The results in Table 2 show that patients with early-stage disease were more likely to have high-level HNF-1b immunoreactivity and expression of ARID1A (P ¼ 0.02 and P ¼ 0.03, respectively; Chisquared tests). In other words, the loss of immunostain was more prominent in advanced diseases. Similarly, patients with concurrent endometriosis tended to have higher expression of HNF-1b (P ¼ 0.016, Chi-squared tests). It is worth noting that most (20/26, 76.9%) endometriosis-associated patients stained negative for ARID1A (P ¼ 0.02, Chi-squared tests). As clearly observed in the table, PIK3CA expression did not correlate with any variable involved.
Effect of Protein Expression on Chemotherapy Response and Survival Outcomes
Among 130 patients, 4 were lost to follow-up after adjuvant chemotherapy and were thus excluded from survival analysis. For the 126 cases, 62 patients (55.9%) had tumor recurrence in the study period. A total of 111 patients had both There are 114 cases of primary tumor, 56 cases of abdominal disseminated lesion, 26 cases of lymph node metastasis, and 17 cases of recurrent tumor, respectively. Given that some spots are missing due to technical reasons, the denominators are not necessarily equal to the total number of case.
ARID1A ¼ AT-rich interactive domain 1A, HNF-1b ¼ hepatocyte nuclear factor-1b, PIK3CA ¼ phosphatidylinositol 3-kinase catalytic subunit alpha.
primary tumor immunohistochemistry results (at least 1 antibody marker) and follow-up information (refer to Table 3 ). Low levels of HNF-1b expression and loss of ARID1A were more commonly observed in patients with tumor recurrence (P ¼ 0.02 and P < 0.001, respectively; Chi-squared tests).
The stratification of the recurrent cases in Table 3 based on the response to platinum-based chemotherapy is shown in Table 4 . No statistically significant difference existed between platinum-sensitive and platinum-resistant tumors.
We looked for the possible prognostic impacts of protein expression on survival outcomes. Figure 2 shows the estimated PFS/OS based on protein expression. Patients with loss of ARID1A expression had worse survival outcome in terms of both PFS and OS with statistical significance (Figure 2A and B) . High-level HNF-1b expression was associated with good prognosis ( Figure 2C and D). We were not able to find any effect of PIK3CA expression on survival ( Figure 2E and F) .
On univariate and multivariate analyses (results shown in Table 5 ), patients with loss of ARID1A (ARID1A [À]) and ARID1A expression (ARID1A [þ]) tumors displayed no statistically significant difference in either PFS or OS. On the contrary, high-level HNF-1b expression seemed to be a prognostic factor for favorable OS.
DISCUSSION
In this study, we evaluated the significance of HNF-1b, ARID1A, and PIK3CA expression, as assessed by immunohistochemistry, in a group of ovarian CCC patients. A total of 130 cases and 237 tissue blocks were retrieved to generate a TMA, including primary ovarian tumors, disseminated abdominal lesions, lymph node metastasis, and recurrent tumors. To the best of our knowledge, this is the first such study from China. Comparable immunoreactivity results were found in 4 types of tumors. Thus, we focused on cases with primary tumor immunostaining for further analysis. It was worth noting that late- The denominators are the number of cases which have both the immunohistochemistry result and follow-up information: 107, 108, and 107 for HNF-1b, ARID1A, and PIK3CA, respectively.
ARID1A ¼ AT-rich interactive domain 1A, ARID1A (À) ¼ no ARID1A immunoreactivity, HNF-1b ¼ hepatocyte nuclear factor-1b, HNF-1b (high) ¼ high level of HNF-1b immunostain, PIK3-CA ¼ phosphatidylinositol 3-kinase catalytic subunit alpha, PIK3CA (À) ¼ no PIK3CA immunoreactivity. There are 52 recurrent cases in all. A total of 51, 51, and 49 cases have immunohistochemistry results for HNF-1b, ARID1A, and PIK3CA, respectively.
Ã Interval time < 6 mo from completion of last platinum-based chemotherapy to disease recurrence.ARID1A ¼ AT-rich interactive domain 1A, HNF-1b ¼ hepatocyte nuclear factor-1b, PIK3-CA ¼ phosphatidylinositol 3-kinase catalytic subunit alpha.
stage tumors were more likely to be HNF-1b (low level) and ARID1A (À), while tumors with coexisting endometriosis tended to be HNF-1b (high level) and ARID1A (À). Moreover, HNF-1b (low level) and ARID1A (À) correlated with tumor recurrence, but not chemosensitivity. We failed to find any relationship between PIK3CA immunoreactivity and clinicopathologic parameters. Concerning survival, only HNF-1b (high level) and optimal debulking remained positive predictors for OS. Tsuchiya et al 5 from Japan first demonstrated the upregulation of HNF-1b in ovarian CCC at both the mRNA and protein levels. Further evidence supports that HNF-1b is a good marker for differentiating ovarian CCC from other epithelial ovarian cancers. 6 Our study presented that the majority of the ovarian CCC stained positive for HNF-1b; so did the abdominal disseminated lesions, lymph node metastasis, and recurrent tumors. We speculated that HNF-1b might be applied in the differential diagnosis of carcinoma of unknown primary origin. High-level HNF-1b was related to endometriosis-associated CCC, which was quite consistent with previous publications. 20 Interestingly, we found that patients with highlevel HNF-1b had better survival, and high-level HNF-1b proved to be an independent predicator for favorable OS. More large studies are required to further test the prognostic role of HNF-1b expression in ovarian CCC.
Known as a tumor suppressor gene, ARID1A is mutated in approximately 50% of ovarian clear cells and 30% of ovarian endometrioid carcinomas. 19, 22 Given the significant association between the loss of ARID1A immunostaining and ARID1A gene mutation, 19 immunohistochemical analysis of ARID1A might be a useful and feasible strategy for mutational analysis in the clinical setting. The clinical and prognostic implications of ARID1A expression in ovarian CCC were inconsistent in different studies. Itamochi et al conducted a literature review and found that loss of ARID1A expression did not affect survival, 23 which was in line with our study. Katagiri et al 12 performed whole tissue immunohistochemistry in 60 cases of ovarian CCC, arriving at the conclusion that the loss of ARID1A expression was significantly correlated with advanced stage, chemoresistance, and shorter survival (both PFS and OS). In our series, negative staining of ARID1A was related to endometriosis-associated tumors, late disease, and tumor recurrence. No statistically significant impact of ARID1A on survival was found. However, the loss of ARID1A immunostaining might have the potential to be used alone or in combination with other markers (e.g., low-level HNF-1b expression) to identify susceptibility to tumor recurrence. Further studies with larger sample sizes and uniform immunohistochemical methods are needed to further establish the role of ARID1A in prognosis. As expected, PI3KCA expression was not associated with any clinical parameter and prognosis. In 1 Japanese study, immunohistochemical analysis of PIK3CA was performed in 62 ovarian CCC tumors, and PIK3CA over-expression was correlated with early-stage disease, the absence of residual tumors at the initial surgery and improved OS. 21 Whether the results could be repeated requires further tests.
Possible explanations for the discordance of different studies are listed as follows. First, the archival and tumor bank cohorts are fundamentally different with regard to tissue handling and fixation. In addition, different degrees of antigen degradation due to tissue aging might lead to reduced immunostaining. Furthermore, the application of TMA versus whole FIGURE 2. Kaplan-Meier survival curves based on immunohistochemistry results. A/B shows that negative ARID1A expression is associated with a shorter overall survival and progression-free survival (P ¼ 0.03 and P ¼ 0.01; log-rank test). C/D illustrates that patients with high levels of HNF-1b expression have better survival outcomes (P ¼ 0.02 for overall survival and P ¼ 0.01 for progression-free survival, respectively; log-rank test). E/F shows that no significant correlation was found between PIK3CA immunoreactivity and survival. (B) Tissue microarray blocks after sectioning; a total of 237 tumor tissue blocks and 10 cases of normal ovarian tissue blocks generated 494 duplicate cores. ARID1A ¼ AT-rich interactive domain 1A, HNF-1b ¼ hepatocyte nuclear factor-1b, PIK3CA ¼ phosphatidylinositol 3-kinase catalytic subunit alpha.
tissue sectioning might present different results concerning intra-tumor heterogeneity. It is true that TMA has the advantage of high efficiency and the same experimental conditions, but it might not truly represent the whole picture of the tumor, which could be regarded as a limitation of our study. Last but not least, immunohistochemistry methods vary from lab to lab. Standardized procedures and interpretations would help researchers yield more subjective and consistent findings, which is quite necessary given the feasibility, availability, and cost-effectiveness of immunohistochemistry.
CONCLUSION
Loss of ARID1A expression was associated with advanced stage and endometriosis-associated tumors. The measurement of ARID1A expression could be applied to predict the risk of recurrence. Among the 3 biomarkers, only high-level HNF-1b expression proved to be a positive predictor for OS. A total of 111 cases have both primary tumor immunostaining results (at least for 1 antibody) and follow-up information. However, the total number for each antibody does not add to up 111.
ARID1A ¼ AT-rich interactive domain 1A, CI ¼ confidence interval, HNF-1b ¼ hepatocyte nuclear factor-1b, HR ¼ hazard ratio, OS ¼ overall survival, PFS ¼ progression-free survival, PIK3CA ¼ phosphatidylinositol 3-kinase catalytic subunit alpha.
Bold value denotes P with statistical significance.
